Abstract
Introduction

56
Hepatocellular carcinoma is the most common malignancy of primary liver cancer, the 57 6th most commonly diagnosed cancer, and in 2018 was the fourth leading cause of cancer-58 related death worldwide [1] . In males, HCC is the 5th most common cancer and the 2nd leading 59 cause of death, with an incidence rate twice that of females. Major risk factors for HCC are 60 chronic hepatitis via hepatitis B and C viruses, alcoholic liver disease, aflatoxin B1-61 contaminated foods, nonalcoholic hepatitis, obesity, smoking, and type 2 diabetes [1, 2] .
62
Pathophysiology of HCC is characterized by molecular gene alternations and driver 63 mutations in the cell and the microenvironment surrounding the cell [3] ; the inflammatory Table 1 . initial diagnosis of hepatocellular carcinoma and primary end point was death from any cause.
167
The maximum area under the ROC curve (AUC) was selected for cut off values of parameters 168 from multivariate analysis. Statistical analyses were performed using Medcalc software version 18.11 (Medcalc, Mariakerke, Belgium).
170
Results
172
Comparison of D0, D3, D7 and D60 cytokine levels and cytokine 173 correlation analysis
174
The cytokine profiles on D0, D3, D7,and D60 after TACE showed that most of the 175 cytokine concentrations were not statistically significant except CRP level, which was 19.45,
176
38.61, 32.62, and 26.94 mg/L, on D0, D3, D7, and D60, respectively, in Table 2 Spearman's method was performed to generate a co-expression matrix (S1-S4 Tables),   195 and the number of molecular pairs significantly correlated at D0, D3, and D7, and D60 were Tables.   198   199 Network analysis of molecules
200
Networks were plotted for pairs of cytokines exhibiting significant correlations using 201 correlation coefficients (Fig 1) , and topological parameters were calculated (Table 3 and S9-202 S12 Table) . D0, D3, D7, and D60 networks revealed that clustering coefficient, network density, and average number of neighbors were highest on D3. Network diameter, average 204 shortest path and shortest path length were highest on D0 and equivocal or lowest on D60.
205
Network heterogeneity and number of included nodes revealed decreasing patterns from D0 to supported by clustering analysis of network (Fig 1) . Degree correlation (μ) was converted from heterogeneity, network diameter and network modularity helped explain the modular nature of the biological function [26] . Unlike for D0, the D60 cytokine network revealed decreased 294 heterogeneity and diameter by D60 compared to D0, D3, and D7. These network parameters
295
were supported by the modularity analysis that the modularity values constantly decreased 296 from D0 to D60. At day D0 before TACE, there were 2 modules, which was colored in blue or 297 green, and that was also shown by hierarchical clustering analysis of network (Fig 1) . These 298 parameters might imply that cytokine functions are decreased or normalized after TACE by 299 D60.
300
Unexpectedly, survival analysis results were in line with network analysis.
301
Multivariate analysis showed that CRP and IL-2 at D0, CRP, and IL-6 at D3, CRP at D7 and
302
D60 was a predicting factor of adverse outcome. These molecules turned out to be one of 303 components of modules in cytokine network at D0, D3 and D7 (Fig 1) , except for D60 CRP. Network diameter, shortest path, and path length are related to a small world property, have lost negative feedback mechanism after TACE.
344
A node with the highest degree could be regarded as a hub node, and hub nodes tend 345 to link or interact with nodes with fewer edges [19, 35] . The hub node is related to network 346 robustness, as removal of hub nodes might lead to system failure [27] . In this study, the hubs 347 were IL-4 on D0; TNF-α onD3; IL-1β, IL-2, IL-4, IL-5, IL-10, IL-13, IL-22, INF-γ, and TNF-α 348 on D7; and IFN-γ, IL-2, and IL-10 was the hubs on D60.
349
The degree correlation is a parameter that defines that relation of nodes with other 
